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Lichen amyloidosus is characterized by ag-
gregations of reddish-brDwn, usually pruritic
papules that are located primarily on the lower
extremities. Light microscopic examination with
routine or metachromatic stains, performed in
this investigation as well as in previously
reported eases (1, 2) has failed to show any
difference between the amyloid substance found
in the dermal papillae of the lesions of lichen
amyloidosus and the amyloid deposits found in
other forms of amyloidosis (3). So far, no elec-
tron microscopic study of lichen amyloidosus
has been published. An electron microscopic
study of various types of amyloid by Cohen
and Calkins (4) revealed that amyloid of di-
verse origin has a similar submicroscopic fibril-
lar structure. However, lichen amyloidosus was
not included in their investigation.
MATERIALs AND METHOn5
Specimens were obtained from typical lesioos of
lichen amyloidosus located on the anterior aspect
of the left leg of an 84 ycar old white male. The
lesions had been present for approximately 50
years.
For examination with the light microscope,
specimens were either frozen immediately and cut
into 8 .e sections in a eryostat or fixed in formalin
and embedded in paraffin. Frozen sections were
stained with 0.05% crystal violet, 0.01% methyl
violet, 0.1% Coogo red or 1% Alcian blue (5).
Several frozen sections were treated with collagen-
ase (Cl. histolyticum, in 0.OSM Tris buffer, pH
7.0, Sigma) or elastase (Pancreatic, 0.2M Tris
buffer, pH 8.8, Sigma) prior to staining. Paraffin
sections were stained with the same dyes as were
the frozen sections, but in concentrations ap-
proximately ten times as great. The PAS reac-
tion was performed with Coleman's PAS reagent
(5). Hale's colloidal iron method (6) and Alcian
blue (5) were used to stain acid mucopolysac-
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charides in both frozen and paraffin-embedded
tissue, both with and without previous treatment
with hyaluronidase, 150 U.S.P. units/ml. Some
frozen sections were observed with a fluorescence
microscope before and after staining with 1%
thioflavine TI' (7); others were observed with
polarized light with and without Congo red stain-
ing.
For examination with the electron microscope,
fresh specimens were cut into small cubes and
fixed in 1% osmic acid which had been buffered
with veronal to pH 7.4 and brought to physiologic
osmolarity with 4.5% sucrose (8). Some specimens
were embedded directly in Durcupan without
rinsing or dehydration in order to avoid any arti-
ficial shrinkage of the fibrils, while others were
first dehydrated through graded concentrations of
ethanol and propylene oxide and then embedded
in Araldite. Sections were cut at 400-600 A with
a diamond knife mounted in an LKB Ultrotome.
Most sections were stained with 1% phospho-
tungstie acid in either 50% or absolute ethanol for
15 to 60 minutes; others were stained with 1%
uranyl acetate in 50% ethanol for 30 to 60 minutes.
All sections were then stained with Reynolds' lead
citrate (9) for 15 minutes (1). The sections without
carbon coating were studied with an RCA EMU-
3G electron microscope.
RESULTS
I. Histochemical Studies
Whenever a positive reaction for amyloid was
obtained with any dye, the intensity of staining
was greater in the frozen sections than in the
paraffin-embedded sections, even though the
concentration of dye used for staining the
paraffin-embedded sections was ten times
greater than that used for staining the frozen
sections. Thus, the amyloid substance in the
dermal papillae stained strongly metnchro-
matically with crystal violet and methyl violet
in frozen sections but only mederately so in
paraffin-embedded sections. Similarly, Congo
red stained the amyloid strongly in frozen sec-
tions but only weakly in paraffin-embedded sec-
tions. Congo red digested the epidermis in some
frozen sections at a concentration of 1%. Alcian
I' Obtainable from City Chemical Corporation,
132 West 22nd Street, New York, New York.
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blue did not stain the amyloid in paraffin-em-
bedded sections but stained moderately in frozen
sections. Hale stain was strongly positive in
amyloid substance in frozen sections but weak to
negative in paraffin sections. Hyaluronidase di-
gestion did not diminish the intensity of the Hale
and Alcian blue stains. The PAS reaction was
strongly positive in frozen sections but was only
weakly positive in paraffin-embedded sections.
The reaction was resistant to diastase. None of
the staining reactions of amyloid were altered by
pre-treatment with collagenase or elastase, al-
though the collagen and elastic fibers in the
same sections were dissolved by the respective
enzymes.
Polariscopic examination revealed weak whit-
ish bircfringcnce in unstained frozen sections
and in paraffin-embedded sections. After stain-
ing with Congo red, however, a brilliant
greenish birefringence was seen in frozen sec-
tions (Fig. 1). Although the color of the
bircfringcnce was predominantly greenish in
most of the involved areas, some orange and
whitish bircfringcncc were also mixed. The
whitish bircfringencc was identical to that of
the collagen fibrils in the surrounding dermis.
In paraffin-embedded sections, the greenish
bircfringcncc was also observed but to a lesser
extent and bluish tinge was added. Staining
with methyl violet and crystal violet in place
of Congo red did not increase the bircfringeuce
over that seen in unstained sections and color
remained whitish. Fluorescence microscope ex-
amination did not reveal any native fluores-
cence in the involved areas. After thioflavine
T staining, however, an intense yellowish
fluorescence developed both in frozen sections
and in paraffin-embedded sections (Fig. 2).
II. Electron Microscopic Studies
The amyloid substance which appeared amor-
phous by light microscopy was shown with the
electron microscope to contain a distinctly
filamentous structure embedded in an amor-
phous, moderately electron dense ground sub-
stance (cf. Fig. 6). The filaments and the
ground substance, though, varied greatly in
their density even with the same staining; they
showed very low electron density with uranyl
acetate staining and high electron density with
Fic. 1. Birefringence of omyloid. Frozen sections stained with Congo red. The amyloid
in the dcrmal papillae shows strong (greenish) bircfringcnce (arrows). The epidermis has
been digested by Congo red. Frozen section. (X 172.)
Fic. 2. Thioflaein 7'. stoin. An intense (yellowish) fluorescence (F) is present in the
amyloid substance in the dermal papilla and in the upper dermis. E: epidermis. Paraffin-
embedded section. (X 258.)
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phosphotungstic acid. Due to insufficient pene-
tration of the staining solutions, the sections
embedded in Araldite showed less dense stain-
ing than those embedded in Durcupan. The
amyloid filaments and ground substance formed
various-sized islands in the involved areas (Fig.
3). The overall density of the individual islands
varied with the density of their constituent
filaments and ground substance. The size and
the shape of individual amyloid islands showed
a great similarity to those of tho strands of
collagen bundles which were found in the
vicinity of or partially intermingled with
amyloid substance (Fig. 3). The amyloid islands
were often entirely or partially surrounded by
normal collagen fibrils (Figs. 4, 5). Within the
island amyloid filaments were occasionally
grouped in bundles and streamed in a more or
less parallel fashion (Figs. 4, 5); but in most
areas they ran haphazardly in all directions
(Figs. 4, 5). Most of the individual filaments
were straight, but some were slightly curved
(Fig. 6). They varied in width ranging from
20t to 400 A. Thicker filaments were present
but it was sometimes difficult to differentiate
them by width from collagen fibrils which had
a width of about 770 A and characteristic
periodic banding of 640—700 A. Some collagen
fibrils showed irregular areas of higher electron
density than the rest of the fibrils (Fig. 5). In
some areas the collagen fibrils appeared split
and their frayed ends blended into the sur-
rounding filaments of amyloid (Figs. 6—9 and
cf. Fig. 11); or from another point of view,
several amyloid filaments converged to form a
collagen fibril. Thus, in some amyloid island
filaments and fibrils of all widths ranging from
20 A to 770 A were intermingled with each
other (Figs. 6, 7). In cross-sections of such
fraying collagen fibrils several filamentous sub-
units with diameters corresponding to amyloid
filaments were discerned. Thin filaments showed
bonding, namely ill-defined dense area of swell-
ing, at irregular intervals of about 150—250 A
(Figs. 8, 9), while the thicker fibrils showed a
rather regularly spaced cross-bandings of about
150—250 A (Figs. 6, 7). It was easily recognized
that the intervals of these headings or cross-
bandings were definitely shorter than the
periodical bandings of normal collagen fibrils
t This figure was deduced from the minimum
measurable width of 60 A°.
mixed in the same amyloid island (Figs. 6—9).
As a rule, the thicker the width, the longer the
length of the filament. The greatest length of
amyloid filaments observed was 4560 A. Longer
filaments may have been present, but if so,
they were cut in the thin sections utilized in
electron microscopy.
Fibroblasts and histiooytes were seen be-
tween amyloid islands as well as between the
strands of collagen bundles (Figs. 3, 4, 7). Some
fibroblasts contained fine filamentous substance
very similar to those of amyloid and were seen
tightly attached along the periphery of amyloid
islands. Their elongated cytoplasmic processes
wore often seen between closely set amyloid
islands or between amyloid islands and collagen
strands (Figs. 10, 11). Amyloid substance in the
vicinity of these fibroblasts was often found to
be continuous with the fine filamentous sub-
stance in the cytoplasm (Fig. 11). In some in-
stances amyloid deposits near the fibroblasts
contained many collagen fibrils (Fig. 12). Some
fibroblasts contained pinocytotic vesioles along
their plasma membrane, and various-sized
lysosomes in which ferritin particles and lipid
substances were contained (Fig. 10). Ferritin
particles were also found diffusely scattered
and/or in aggregates of various sizes and den-
sity (Figs. 10, 11). Other fibroblasts contained
a well-developed profile of rough-surfaced
endoplasmic reticulum (Fig. 3). It was not
certain whether or not these amyloid-like fila-
ments found in some fibroblasts were really
amyloid filaments or their precursors, or
whether they were produced by these fibre-
cytes or phagocytized from outside. In the
centers of large amyloid islands, however, few
cells were present. Lymphocytes were seen
rarely and plasma cells were seldom en-
countered. Blood vessels were rarely seen in
the midst of the large areas of amyloid deposit.
However, when present in the periphery of the
large deposit or between the individual amyloid
islands they appeared bound down within the
amyloid substance. Many of these blood ves-
sels had extremely fibrous endothelial cells and
perithelinl cells (Fig. 13). Individual filaments
contained in these cells showed closely inter-
woven meshworks, frequent lateral anastomo-
sis and wavy undulation. No periodic beading
or banding was present. Thus, these filaments
were quite different from those of amyloid and
appeared to represent tonofilaments.
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Fio. 3. Scanning view of the lesion. Note the striking similarity of individual amyloid
islands (A) to collagen strands (C). A• fibrobiast (F) contains well-developed rough-
surfaced endoplasmic reticulum and ferritin particles. p: elongated cytoplasmic process of
fibroblasts with ferritin particles. White arrows: areas where collagen fibils are intimately
mixed with amyloid. Black arrow: areas where the cytoplasm of a fibroblast is in close
contact with amyloid. Araldite sections stained with 1% phosphotungstie acid in 50%
alcohol and Reynolds' lead citrate. (X 3,230.)
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FIG. 4. Low magnification of the lesion. Several amyloid islands are separated by a thin
rim of collagen fibrils (C). Within the individual islands some amyloid filaments are
coursing in parallel fashion (arrows) but the majority haphazardly. F: vacuolated rem-
nant of fibroblast. Durcupan section. Stained with 1% phosphotungstic acid in 50%
alcohol and Reynolds' lead citrate. (X 11,455.)
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Fre. 5. Medium magnification of the lesion. Individual amyloid islands (A) are sepa-
rated by thin layer of collagen fibrils (c). Note the similarity of these amyloid islands to
the strands of collagen bundles (C). Durcupan section. Stained with 1% phosphotungstic
acid in 50% alcohol and Reynolds' lead citrate. (X 15,806,)
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Fie. 6. Amyloid filaments of various sizes are embedded in amorphous ground matrix.
Some thin filaments are seen converging into larger fibrils (large arrows). Most of the
filaments are straight but some are slightly curved. Thin filaments show beading (b) while
thick fibrils show periodic cross-bandings of 150—250 A° (thin arrows). C: collagen fibrils.
Araldite section. Stained with 1% uranyl acetate in 50% alcohol. (X 62,000.)
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Fia. 7. Various sizes of amyloid filaments, fibrils and normal collagen fibrils are inter-
mingled in the right lower island. The island in the left upper corner is composed of
uniformly thin amyloid filament. Between these two islands normal collagen fibrils with
640—700 A periodicity and cytoplasmic process of a fibroblast (F) are seen. Thick fibrils
in the right lower island show periodic cross-banding of 150—250 A (arrow). There are
many cross-sections of these fibrils (c). Araldite section. Stained with 1% phosphotungstic
acid in 50% alcohol. (X 6,290.)
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DISCUS 510N
Nature of amyioid in lichen amyloidosus.
—Histochemical characteristics of amyloid sub-
stance in the lesion of various types of
amyloidosis are as follows: (a) PAS (diastasc-
resistant) and Congo red stains are strongly
positive. (b) Strong metachromasia can be
demonstrated with crystal violet or methylvio-
let stains. (e) Alcian blue and Hale stains are
strongly positive (6). (d) Amyloid substance is
unchanged by digestion with eollagenase (10)
and hyaluronidase (6, 10). (e) Strong fluores-
cence develops after thioflavine T stain (7).
(f) Greenish birefringenee is observed after
Congo red staining (11). The amyloid sub-
stance composing the lesion of lichen amyloido-
sus studied in this investigation satisfied all
Fm. 8. Am plaid filaments and collagen. The
structure in the center of this illustration shows
periodical cross-handing of 640—700 A of normal
collagen and simultaneously reveals thin fila-
mentous components whose width is identical with
that of the surrounding amyloid filaments. Amyloid
filaments show heading of 150—250 A° periodicity.
The width of this structure between two arrows is
1400 A (0.14 ,). Durcupan section. Stained with
1% phosphotungstic acid and Reynolds' lead ace-
tate. (X 71,400.) (Reduced 16% from the original
photo.)
FIG. 9. Amyloid filaments and collagen. Swollen
collagen fibrils (1750 A between two black arrows)
reveal their periodicity (640—700 A) and compo-
nent filaments whose width corresponds to that of
the amyloid filaments in the vicinity. In the cen-
ter of the figure many filaments of amyloid are
gathered and arranged parallel to each other, but
not yet organized enough to form a bundle or to
show periodic cross-banding. White arrows show
convergence of amyloid filaments into collagen
fibril. Durcupan section. Stained with 1% phospho-
tungstic acid in 50% alcohol and Reynolds lead
citrate. (X 63,750.) (Reduced 25% from the ouginal
photo.)
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Fie. 10. A fibrob last with lysosomes and Ierritin particles. There are several islands of
amyloid (A) surrounded partially by normal collagen bundles (C). Note the similarity
of the configurations of these amyloid islands to the grouped collagen bundles. In each
island finely filamentous components (amyloid filaments) were embedded in amorphous
matrix of medium density. Fibroblasts with ferritin particles (f) and amyloid-like fila-
ments (a) are seen. L: lysosomes with ferritin and lipid substance. p: pinocytotic vesicles.
Araldite section. Stained with 1% uranyl acetate in 50% alcohol and Reynolds' lead
citrate. (X 10,585.)
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Fic. 11. Amyloid substance and a flbroblost. The fibroblast (F) in the left upper corner
extends its cytoplasmic process (P) which contains fine filamentous material. Amyloid
substance (A), is deposited in very close, proximity along this process and in one area(white arrow) continuity between amyloid substance and the cytoplasmic filamentous
material seems to exist. Ferritin-containing (F) cytoplasmic process of another fibroblast
is •seen in the right lower corner. Black arrow: convergence of amyloid filaments into
thicker fibrils. C: collagen. N: nucleus of fibroblast. Araldite section. Stained with 1%
phosphotungstic acid and Reynolds' lead citrate. (X 22,800.)
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FIG. 12. Amyloid, collagen and fibroblosl. In the vicinity of a fibroblast (F) which con-
tains some filamentous material (arrows) an elongated island of amyloid deposit is seen.
Withjn the island a number of collagen fibrils (C) are seen. Araldite sections. Stained with
1% phosphotungstic acid in 50% alcohol and Reynolds' lead citrate. (X 24,000.)
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FIG. 13. Endothelial cells of medium-sized blood vessels are filled with thin, wavy fila-
ments. They form fine meshworks by interlacing each other. Mitoehondria (M) and small
vesicles (v) are enmeshed between these filaments. pi: pinocytotic vesicles. RBC: red blood
cell in the lumen. Durcupan section. Stained with 1% phospbotungstic acid in 50% alcohol
and Reynolds' lead citrate. (X 24,000.)
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criteria cited above. The ultrastructural char-
acteristics of amyloid, such as of thin filaments
(4, 12, 13), was also observed in lichen
amyloidosus. Thus, the amyloid of lichen
amyloidosus is the same substance as that of
the other forms of amyloidosis. It not only
stains identically with the amyloid of the other
forms of amyloidosis but also has the same
ultrastructure.
Unusual characteristics —Several unusual fea-
tures not emphasized in other types of
amyloidosis were observed in lichen amyloido-
sns in this investigation; they were (1) island-
shaped deposits similar to collagen bundles,
(2) a mixture of thick filaments and fibrils, of
which the thickest one showed 640 A periodical
banding and could not be differentiated from
the collagen fibrils, and (3) the finding of the
splitting of thick fibrils into thinner ones or
convergence of thin filaments into thicker
fibrils. These findings strongly suggest an inti-
mate relationship between collagen fibrils and
amyloid filaments. There seems to be three
ways to interpret these findings; the first
interpretation would be that amyloid in the
lesion of lichen amyloidosus represents a
faulty formation of collagen fibrils by abnormal
fibroblasts, the second that amyloid is a de-
generated collagen, and the third that amyloid
is carried from distant foci of formation by the
blood stream and is deposited between collagen
fibrils which subsequently undergo degenera-
tion.
Origin of amy/oid.—Although the present
investigation can not provide any definite
answer to the problem of the mode of forma-
tion of amyloid in lichen amyloidosus, the
presence of thin filaments in fibroblasts in the
close proximity of many of the amyloid islands
and the similarity of the shape of the amyloid
deposit to collagen strands suggests that these
fibroblasts lay down some abnormal tropocol-
lagen substance, that is amyloid, in a similar
way as they deposit normal tropocollagen in
the normal dermis. The beading and cross-
banding of 150—250 A periodicity correspond to
that of tropocollagen with low grade of inter-
strand linking (14). Tropocollagcn with this
range of periodicity is often found near the
plasma membrane of fibroblasts (14). From
this point of view the presence of all gradients
of thickness of filaments found in the amyloid
lesion, which ranges from 20 A to 770 A cor-
responding to the range of the thickness of
tropocollagen (15, 16) to mature collagen
fibrils, and the convergence of thin filaments
into thicker fibrils could be interpreted as
representing some tendency of amyloid fila-
ments to become thicker and more polymerized
fibrils. Advocates of intracytoplasmic forma-
tion of amyloid are Gueft and Ghidoni (17)
who have proposed that the filaments of
amyloid are formed within intracytoplasmic
cisternae of histiocytcs. It is interesting in this
connection that Gafni et al. (18) classified
amyloidosis into two groups, peri-reticular and
pen-collagen amyloidosis, and stated that in
the latter group amyloid is mainly deposited in
the connective tissue.
Blood vessels and amyloid —It is most un-
likely in lichen amyloidosus that amyloid is
carried by the blood stream and deposited in
the skin. Although deposits of amyloid are seen
near the blood vessels in this study, they also
occurred at a considerable distance away from
them. The center of large areas of amyloid de-
posit usually lacked any vasculature. The
presence of fine filaments in the cndothelial
cells has often been encountered in pathologi-
cal conditions other than amyloidosis (19, 20).
Although Cohen et al. (21) demonstrated
amyloid filaments in the wall of small, renal
blood vessels of familiar Mediterranean fever,
the filamentous substance found in our mate-
rial seems to be different from amyloid by
showing a meshwork with frequent lateral
anastomosis and wavy undulation of constitu-
ent filaments; they appeared to be abnormally
increased tonofilamcnts.
Reticulo-endathelial system and amyloid.—
Teilum (22) has suggested that in primary
systemic and in secondary amylaidosis the
rcticulo-endothelial system plays a major role
in the secretion and precipitation of amyloid.
However, in the lesions of lichen amyloidosus
lymphocytes are scanty and few plasma cells
were encountered. By immunochemical deter-
minations Calkins et al. (23) and Benditt et al.
(13) denied the possibility that amyloid is a
deposit of y-globulin or any other ordinary
serum globulin.
Birefringence and fluorescence —Concerning
the light microscopic investigations, it was
found that the polaniscopic examination of
Congo red-stained frozen sections and fluores-
cence microscopy of thioflavine T-stained fro-
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zen or paraffin sections, becuase of the presence
of a brilliant greenish birefringence and a
strong yellowish fluorescence respectively, were
two specific and reliable methods for the detec-
tion of amyloid.
5UMMARY
1. Histochemical staining of lesions of lichen
amyloidosus revealed that the amyloid sub-
stance in this condition shared the same stain-
ing characteristics as reported previously for
the primary, secondary and experimentally
produced amyloidosis of various organs of the
human as well as of various animals. The
amyloid substance in the lesion gave a strong
metachromatic reaction to methyl violet and
crystal violet and a strong reaction to Congo
red, Alcian blue, PAS and Hale stains in the
frozen sections but weak reactions in the
paraffin-embedded sections.
2. None of the staining reactions listed above
were altered by the pre-treatment with col-
lagcnase or clastase. PAS reaction was diastase
resistant and Hale and Alcian blue stains were
hyaluronidase resistant.
3. Examination with polarized light revealed
that, on staining with Congo red, amyloid in
frozen sections developed strong greenish hire-
fringence while paraffin-embedded sections dem-
onstrated only moderate birefringencc. Ex-
aminations with fluorescence microscope did
not reveal autofluorescence but after staining
with thioflavine T amyloid in the lesion showed
a strong yellowish fluorescence.
4. Electron microscopic studies showed amy-
bid to consist of filaments embedded in an
amorphous ground substance of medium elec-
tron density. The structure and dimensions of
the filamentous components were varied, the
thin filaments were similar to tropocollagcn, the
medium ones to tropocollagen with some inter-
strand linkage and the thick ones to the ma-
ture collagen fibrils. Their width varied from
20 to 770 A, the longest filament measured
4500 A. They all showed either beading or
cross-banding of 150—250 A periodicity except
for very thick ones which showed 640—700 A
pcriodicity.
5. The amyloid substance lay in various-
sized islands whose shapes were very similar to
the strands of collagen bundles. Fibroblasts
contained amyloid-like filaments dispersed in
the cytoplasm. Some of these cells showed a
number of pinocytotic vesiclcs and lysosomes
and the others well-developed rough-surfaced
endoplasmic reticulum.
6. An impression was gained that the amy-
bid substance in lichen amyloidosus is an ab-
normal secretion product laid down by fibro-
blasts in the lesion in a fashion analogous to
the deposit of normal tropocollagen by normal
fibroblasts in the dermis.
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